Since Kouwenhoven published his article on closed chest cardiac massage in 19601 cardiopulmonary resuscitation has been used by doctors and later by more and more lay people in cases of cardiopulmonary arrest. Both doctors and non-medical personnel have had to be trained in the technique of resuscitation. In 19742 and 19803 the American Heart Association published training programmes and guidelines.
To date more than 12 million adults in the USA have received instructions in cardiopulmonary resuscitation according to the American Heart Association standards. In the Netherlands (14.6 million inhabitants) several hundred thousand adults have been trained under the guidance of the Netherlands Heart Foundation (J van Accepted for publication 15 January 1985 and about how well knowledge and practical performance are retained after some time. [4] [5] [6] [7] We evaluated the theoretical knowledge and practical performance of lay people before and after instruction in cardiopulmonary resuscitation and compared the results with those after six months to determine how well these skills had been retained.
Subjects and methods

CARDIOPULMONARY RESUSCITATION COURSE
By advertising in regional papers and with the aid of the local branch of the Netherlands Heart Foundation, the citizens of Nijmegen-a university city with 140 000 inhabitants-and its surrounding villages were invited to attend a cardiopulmonary resuscitation course. The course consisted of three evening sessions of theoretical and practical instruction. A fourth evening was designated for a 20 multiple choice questionnaire to evaluate theoretical knowledge. The practical cardiopulmonary resuscitation performance was evaluated by one of the instructors.
Evaluation of lay skills in cardiopulmonary resuscitation
A doctor gave two one hour lectures 'on the theoretical principles of cardiopulmonary resuscitation. The practical instructions were given by paramedical cardiopulmonary resuscitation instructors and consisted of four one hour sessions using a non-recording Resusci Anne manikin. All participants received an illustrated instruction booklet, which gives comprehensive information on cardiopulmonary resuscitation. 8 The objective data from the recording manikin tape were analysed afterwards. Data on massage and ventilation were derived from the last full minute recorded, and comprised: (a) time from "go ahead sign" until first act of cardiopulmonary resuscitation; (b) number per minute and depth of compressions (standard 50-70/minute and 38-51 mm respectively); (c) number per minute and depth of ventilations (standard ,5/ minute, 0-8-1.6 1 respectively); (d) rate of compres-563 sions (standard 70-90/minute); and (e) total time per minute (in seconds) needed for ventilation (the time between two massage cycles was recorded). In addition the ability to palpate and count correctly the instructor's carotid artery pulse on both sides was assessed.
Practical performance assessed by objective data was considered adequate when the examiner's carotid artery was correctly palpated s 1 minute, the manikin was ventilated >5 times/minute with volumes of 08-1-6 1, and 50-70 cardiac compressions/minute were performed with a depth of 38-51 mm.
In the three groups the self estimated knowledge and practical performance of the different skills were compared with the subjective and objective assessments. Data were analysed by the university mathematical statistical department. attended the course, only 30% returned at the first refresher course; this proportion decreased to 12% for those attending a fifth refresher course after two and a half years. Table 1 shows the age and sex distribution of the study groups. There was no difference between each of the groups and the total population regarding age and sex distribution. Most people attended the course because of social motivation and a few because of illness in their family.
THEORETICAL KNOWLEDGE
Theoretical knowledge was evaluated by the multiple choice questionnaire, and was considered adequate when more than 70% of the questions were answered correctly. Before the course theoretical knowledge was inadequate in all the participants but at the end of the course and before the refresher course this was good in both groups (Table 2) , although a slightly lower figure was recorded at the refresher course. At the refresher course, a discrepancy was noted between self assessment and objective assessment scores. There was no difference in theoretical knowledge between older and younger people. (Table 3) . By the end of the course cardiopulmonary arrest was correctly diagnosed by 74% of participants but at the refresher course only 50% managed to do so. The call for help was given immediately after establishing a diagnosis by only 55% at the end of the course and by 46% at the refresher course, but 88% and 70% respectively achieved this within one minute after starting cardiopulmonary resuscitation. Ventilation was correctly performed by 20% of the participants before the cardiopulmonary resuscitation course, by 51% at the end of the course, and by only 37% at the refresher course.
Only 35% and 38% of participants respectively could correctly perform cardiac massage at the end of the-course and at the refresher course. Too slow a rate was the most frequent fault in 35% and 40% of participants respectively at the end of the course and at the refresher course. A subjective assessment of adequate cardiopulmonary resuscitation at the end of the -course and at the refresher course was thus performed in 65% and 44% of participants respectively, which --contrasts with figures of 94% and 82% by self assessment. If the time since the last course was more than one year, the proportion fell further to 38% at the refresher course.
Objective data At the end of the course and at the refresher course the mean time from the "go ahead" sign to the first act was 42 s (range 10-127, 90% between 15-80 s), but in both groups it took two candidates two minutes before they actually started cardiopulmonary resusci- Table 4 gives details of the ventilation technique. Before the course the participants had no knowledge of ventilation. By the end 64% were able to give five or more ventilations in the last recorded minute, but only 35% were ventilating with adequate volume (0'8-1.6 1). At the refresher course only 38%o ventilated n5 times per minute, again only one third ventilating with adequate volume. The mean time needed for two "quick" ventilations varied from 8 s (range 4-24 s) to 10 s (range 6-43 s) respectively; 30% at the end of the course and 48% at the refresher course needed more than 10 s. Table 4 also gives details concerning cardiac massage. Before the course no participant could massage properly. Only about 25% of both groups delivered 50-70 compressions/minute, although 42%o of the participants did this at an adeqiuate rate. A high proportion of both trained groups (95% and 97%o respectively) could not perform massage adequately.
COMPARISON OF ASSESSMENTS
Finally, we compared the participants' own assessment, the assessment by the instructors at the end of the course, the subjective assessment (by one of us), and the objective assessment derived from the recorded tape (Table 5 ). The data on diagnosis are missing, because they were not recorded on the tape.
When the American Heart Association criteria are strictly applied only 7°h and 1% respectively in both groups were able to perform correct cardiopulmonary resuscitation. 
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Discussion
The number of people attending refresher courses is astonishingly low. Because most of these participants are well motivated and interested, a bias in the data obtained in this group is inevitable, and "improves" the results. Before the course no participant was able to perform even a bad cardiopulmonary resuscitation. After the three evening sessions theoretical knowledge was good and was well retained at the refresher course. Since, however, people knew the date of the re-examination and would have studied our instruction booklet at home the actual level of knowledge may have been even lower. The technique of palpating the carotid artery was surprisingly well retained after six months. The mean time needed to diagnose cardiopulmonary arrest was 42 s in both groups, which is quite long even when the time needed to palpate the carotid artery on both sides of the manikin to ensure that there is no pulse (at most 20 s) is taken into account. The most common mistake in ventilation was the low number of ventilations/minute or an inadequate volume or both. Ventilation was notably worse when performed by people with dental prostheses since they generally leaked air; they performed better with mouth to nose ventilation. Some of the participants ventilated the manikin while chewing chewing-gum; this was discovered afterwards in the trachea of the manikin. Comparable events were reported by Shih et al.9 In cardiac massage the most common fault was the low number of compression$ performed per minute. The reason for this finding is not always an incorrect rhythm but the time needed for ventilation, together with the time needed to search for the correct compression point, reduces the time available for massage.
At the end of the course and at the refresher course there was a large discrepancy between the candidate's own estimation of their performance (98% and 82% thought themselves proficient), the assessment by the paramedical instructors (90% and 85% respectively), the subjective assessment (65% and 44% respectively), and the objective assessment using recorded tape data (7%o and 1% respectively). In our community we give a three session course; even so we cannot claim satisfactory results when the lay participants are re-examined. It would be worthwhile to compare our results, especially those after the refresher course with those obtained after a course held within three hours, as is the instruction method for instance in Seattle.'0 Despite the problems and possible disappointing results, it is well known that cardiopulmonary resuscitation by lay people does save lives'" and improves the neurological outcome.'2 In our forthcoming courses more attention will be paid to (a) the diagnosis (reduction of the time needed for checking the conscious level and palpation of the carotid artery, which with training can be done within 30 s); (b) call for help (to perform this immediately after the diagnosis of cardiopulmonary arrest has been established); (c) ventilation (to decrease the time taken for two ventilations and especially the time most people need to find the correct pressure point on the chest); and (d) massage (to increase the rate to 80 compressions/minute and to emphasise further the correct depth needed). It is advisable to provide refresher courses for lay people in cardiopulmonary resuscitation at least twice a year giving special attention to the above techniques.
